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PTC ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a PTC (Positive Tempera 

ture Coe?icient) element. 
2. Related Background Art 
A PTC element is knoWn as an element for protecting a 

circuit element from overcurrent. The PTC element is an 
element that rapidly increases the positive temperature coef 
?cient of resistance at a speci?c temperature region. One of 
such knoWn PTC elements is the one described in Japanese 
Patent Application Laid-Open No. 60-196901 (Japanese 
Patent Publication No. 5-9921). 

SUMMARY OF THE INVENTION 

The PTC element described in the foregoing Laid-Open 
No. 60-196901 is constructed as folloWs: the element With a 
positive resistance temperature characteristic is comprised of 
a polymer and an electroconductive poWder dispersed in the 
polymer, metal plates Whose surfaces in contact With surfaces 
of the element are roughened are joined to the surfaces of the 
element, and the metal plates are used as terminal electrodes. 
The surfaces in contact With the surfaces of the element are 
roughened in order to improve the bond strength betWeen the 
element and the metal plates. 

HoWever, in the case Where the entire surfaces in contact 
With the surfaces of the element Were roughened as in the PTC 
element described in the foregoing Laid-Open No. 
60-196901, there Was a risk of failure in ensuring suf?cient 
bond strength if the metal plates serving as the terminal elec 
trodes Were joined to connection terminals such as external 
terminals by Welding or by soldering. 
An object of the present invention is therefore to provide a 

PTC element capable of achieving an improvement in bond 
strength on the occasion When lead terminals extending from 
an element body are joined to other terminals. 

The Inventors also found the folloWing neW problem dur 
ing the process of research on the PTC element that can solve 
the aforementioned problem. There is a possibility that oxy 
gen enters the element body from surroundings, With passage 
of a predetermined time after production of the PTC element. 
For preventing oxygen from entering the element body, a 
conceivable solution is to provide the element body With such 
a protecting ?lm as to cover it. HoWever, this protecting ?lm 
could peel off, and the Inventors came to ?nd that some 
countermeasure Was needed. The present invention has been 
accomplished from this standpoint. 
A PTC element according to the present invention is a PTC 

element comprising: an element body in Which an electrocon 
ductive ?ller is dispersed in a crystalline polymer; a pair of 
lead terminals compressed With the element body in betWeen; 
and a protecting ?lm covering a portion of the element body 
not compressed against the pair of lead terminals; Wherein 
each of the pair of lead terminals has an overlap region over 
lapping With the element body, and a nonoverlap region not 
overlapping With the element body, Wherein an anchor pro 
jection embedded in the element body is formed in the over 
lap region of each of the pair of lead terminals, Wherein a peel 
prevention region for preventing peeling of the protecting 
?lm is formed in a region adjoining the element body in the 
nonoverlap region, and Wherein the anchor projection is 
formed as crushed, in a region except for at least the peel 
prevention region in the nonoverlap region. 
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2 
In the present invention, the anchor projection is formed as 

crushed, in the region except for at least the peel prevention 
region in the nonoverlap region. This results in substantially 
?attening the mentioned region and improves the bond 
strength in joining to other terminals. The peel prevention 
region is formed in the region adjoining the element body in 
the nonoverlap region. This prevents peeling of the protecting 
?lm covering the element body. 

Preferably, the peel prevention region is formed in a region 
Where the pair of lead terminals overlap each other. Since the 
peel prevention region is formed in the region Where the lead 
terminals overlap each other, the protecting ?lm is sand 
Wiched betWeen the lead terminals, Whereby peeling of the 
protecting ?lm is prevented more reliably. 

Preferably, the anchor projection embedded in the protect 
ing ?lm is formed in the peel prevention region. Since the 
anchor projection is formed in the peel prevention region, 
peeling of the protecting ?lm can be prevented more effec 
tively. 

Preferably, the peel prevention region is a roughened 
region a surface of Which is roughened. Since the surface is 
roughened in the roughened region, the surface area is sub 
stantially increased. For this reason, the area of contact 
betWeen the protecting ?lm and the lead terminals is effec 
tively increased, Whereby the peel strength of the protecting 
?lm can be more improved. 

Preferably, the surface of the roughened region is rough 
ened by etching. Etching enables easier roughening of the 
surfaces of the lead terminals than mechanical methods such 
as grinding. For this reason, the roughened region can be 
readily formed. 

Preferably, at least one of a through hole and a notch is 
formed in the peel prevention region, and the protecting ?lm 
is formed through the at least one of the through hole and the 
notch to an opposing surface of the lead terminal. Since at 
least one of the through hole and the notch is formed in the 
peel prevention region and the protecting ?lm penetrates 
through the at least one of the through hole and the notch to 
the other side to form an anchor shape, it is feasible to prevent 
peeling of the protecting ?lm covering the element body. 

Preferably, the at least one of the through hole and the notch 
is formed in a region Where the pair of lead terminals overlap 
each other. Since at least one of the through hole and the notch 
is formed in the region Where the lead terminals overlap each 
other, the protecting ?lm is sandWiched betWeen the lead 
terminals, Whereby peeling of the protecting ?lm can be 
prevented more reliably. It is also feasible to let out air left in 
the protecting ?lm disposed on the element body and around 
the nonoverlap regions adjoining the element body, through 
the at least one of the through hole and the notch. Therefore, 
When the protecting ?lm is ?lled in a portion of recessed 
shape, a coating can also be made Without trapping air. 

Preferably, the at least one of the through hole and the notch 
is formed in a region Where the nonoverlap regions on both 
sides of the overlap region overlap each other. Since at least 
one of the through hole and the notch is formed in the mutu 
ally overlapping region on both sides of the element body, 
peeling of the protecting ?lm can be further prevented. 
The present invention enables the improvement in bond 

strength in joining the lead terminals extending from the 
element body, to other terminals and prevents peeling of the 
protecting ?lm covering the element body. Therefore, the 
invention prevents oxygen from contacting the element body 
and oxidiZing the element body. 
The present invention Will become more fully understood 

from the detailed description given hereinbeloW and the 
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accompanying drawings Which are given by Way of illustra 
tion only, and thus are not to be considered as limiting the 
present invention. 

Further scope of applicability of the present invention Will 
become apparent from the detailed description given herein 
after. HoWever, it should be understood that the detailed 
description and speci?c examples, While indicating preferred 
embodiments of the invention, are given by Way of illustration 
only, since various changes and modi?cations Within the 
spirit and scope of the invention Will become apparent to 
those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW and sectional vieW shoWing a PTC 
element in the ?rst embodiment. 

FIG. 2 is a draWing shoWing a modi?cation example of the 
PTC element in the ?rst embodiment. 

FIG. 3 is a draWing shoWing a PTC element as a compara 
tive example in the ?rst embodiment. 

FIG. 4 is a draWing shoWing the results of comparison 
betWeen the PTC elements of the ?rst embodiment and the 
PTC element of the comparative example. 

FIG. 5 is a plan vieW and sectional vieW shoWing a PTC 
element and a modi?cation example in the second embodi 
ment. 

FIG. 6 is a sectional vieW shoWing a modi?cation example 
of the PTC element in the second embodiment. 

FIG. 7 is a sectional vieW shoWing a PTC element as a 
comparative example in the second embodiment. 

FIG. 8 is a draWing shoWing the results of comparison 
betWeen the PTC elements of the second embodiment and the 
PTC element of the comparative example. 

FIG. 9 is a plan vieW and sectional vieW shoWing a PTC 
element in the third embodiment. 

FIG. 10 is a draWing shoWing a ?rst modi?cation example 
of the PTC element in the third embodiment. 

FIG. 11 is a draWing shoWing a second modi?cation 
example of the PTC element in the third embodiment. 

FIG. 12 is a draWing shoWing a third modi?cation example 
of the PTC element in the third embodiment. 

FIG. 13 is a draWing shoWing a PTC element as a compara 
tive example in the third embodiment. 

FIG. 14 is a draWing shoWing the results of comparison 
betWeen the PTC elements of the third embodiment and the 
PTC element of the comparative example 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The expertise of the present invention can be readily under 
stood in vieW of the folloWing detailed description With ref 
erence to the accompanying draWings presented by Way of 
illustration only. Subsequently, embodiments of the present 
invention Will be described With reference to the accompany 
ing draWings. The same portions Will be denoted by the same 
reference symbols as much as possible, Without redundant 
description. 

The PTC element as the ?rst embodiment of the present 
invention Will be described With reference to FIG. 1. Part (a) 
ofFIG. 1 is a plan vieW ofthe PTC element P1 and part (b) of 
FIG. 1 a sectional vieW near the center of the PTC element P1 
(along I-I in (a) of FIG. 1). The PTC element P1 is a polymer 
PTC element and comprises a pair of terminal electrodes 12, 
14 (lead terminals), an element body 10, and protecting ?lms 
16a, 16b, 16c, 16d. 
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The pair of terminal electrodes 12, 14 are formed in the 

thickness of about 0.1 mm and of Ni or Ni alloy. The pair of 
terminal electrodes 12, 14 are arranged so as to be opposed in 
part to each other. Since the element body 10 is located 
betWeen the opposed portions of the pair of terminal elec 
trodes 12, 14, the element body 10 is sandWiched betWeen the 
facing surfaces of the respective terminal electrodes 12, 14. 
Therefore, each of the pair of terminal electrodes 12, 14 is 
composed of an overlap region 121, 141 overlapping With the 
element body 10, and a nonoverlap region 122, 142 not over 
lapping With the element body 10. 
The element body 10 is formed so as to be smaller than the 

mutually overlapping portions of the terminal electrode 12 
and the terminal electrode 14. Therefore, the nonoverlap 
regions 122, 142 are formed around the element body 10 so 
that they do not overlap With the element body 10, While the 
terminal electrode 12 and the terminal electrode 14 overlap 
each other. 
The element body 10 is formed by dispersing an electro 

conductive ?ller in a crystalline polymer resin. The electro 
conductive ?ller suitably applicable herein is Ni poWder, and 
the crystalline polymer resin suitably applicable herein is a 
polyethylene resin being a thermoplastic resin. The element 
body 10 is compressed under pressure and heat against the 
pair of terminal electrodes 12, 14. 

Each of the protecting ?lms 16a, 16b, 16c, 16d is located so 
as to cover a portion of the element body 10 not compressed 
against the terminal electrodes 12, 14. There are four faces 
Where the element body 10 is not compressed against the 
terminal electrodes 12, 14, and the protecting ?lms 16a, 16b, 
16c, 16d are arranged along the four respective faces. 
The protecting ?lms 16a, 16b, 16c, 16d are formed by 

letting an epoxy resin react With a thiol-type curing agent to 
form a cured layer While dispersing a ?ller of a material With 
a loWer oxygen permeability than that of the cured layer, in 
the cured layer. The ?ller is preferably an inorganic ?ller. At 
least part of the ?ller is preferably of a plate shape. The 
protecting ?lms 16a, 16b, 16c, 16d preferably contain 5-50% 
by mass of the ?ller, based on the total mass of the protecting 
?lms. 
The protecting ?lms 16a, 16b, 16c, 16d are formed, for 

example, by heating an epoxy resin composition containing 
the epoxy resin, the thiol-type curing agent, and the ?ller, to 
bring about reaction betWeen the epoxy resin and the thiol 
type curing agent. 

The ?ller suitably applicable is an inorganic ?ller, a metal 
?ller, or an organic ?ller. Examples of the inorganic ?ller 
include mica, silica, talc, clay (natural or synthetic smectite, 
or mixtures thereof, etc.), glass, aluminum hydroxide, mag 
nesium hydroxide, ceramics, and so on. Examples of the 
metal ?ller include silver poWder, gold poWder, copper poW 
der, nickel poWder, and so on. Examples of the organic ?ller 
include carbon, polyimide, and so on. 
A plurality of anchor projections AC and ?attened projec 

tions FC1 are formed on the surfaces of the respective termi 
nal electrodes 12, 14 betWeen Which the element body 10 is 
interposed. 
The anchor projections AC are formed in each of the over 

lap regions 121, 141, and regions (peel prevention regions) 
adjoining the overlap regions 121, 141 in the nonoverlap 
regions 122, 142. From another standpoint, the anchor pro 
jections AC are formed in each of the overlap regions 121, 
141, and regions Where the terminal electrodes 12, 14 overlap 
each other, in the nonoverlap regions 122, 142. 
The ?attened projections FC1 are formed in regions except 

for the peel prevention regions, in the nonoverlap regions 122, 
142. From another standpoint, the ?attened projections FC1 
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are formed in the regions Where the terminal electrodes 12, 14 
do not overlap each other, in the nonoverlap regions 122, 142. 

In FIG. 1, the anchor projections AC and the ?attened 
projections FC1 are depicted in relatively larger siZes for 
description’s sake. The practical anchor projections AC and 
?attened projections FC1 are small projections of siZes too 
small to visually recogniZe. The same also applies to the 
draWings used in the description hereinafter. 

Each of the anchor projections AC has a large-siZe portion 
and a small-siZe portion. The large-siZe portion is located on 
the tip side in the extending direction of the anchor projection 
AC from the terminal electrode 12, 14, and is formed so that 
the circumference thereof in that direction is larger than that 
of the small-siZe portion. The small-siZe portion is provided 
on the root side of the anchor proj ectionAC With respect to the 
large-siZe portion. The shapes of the large-siZe portions and 
the small-siZe portions in the respective anchor projections 
AC do not alWays have to be the same. The peripheral shapes 
of the large-siZe portion and the small-siZe portion do not 
alWays have to be regular shapes such as a circle or ellipse, but 
may be irregular shapes. 

The adjacent anchor projections AC are arranged so as to 
be spaced from each other. Therefore, the element body 10 
penetrates into holloW portions formed betWeen the anchor 
projections AC (i.e., the anchor projections AC are embedded 
in the element body 10), Whereby the terminal electrodes 12, 
14 and the element body 10 are ?xed. The protecting ?lms 
16a, 16b, 16c, 16d penetrate into the holloW portions formed 
betWeen the anchor projections AC (i.e., the anchor projec 
tions AC are embedded in the protecting ?lms 16a, 16b, 16c, 
16d), Whereby the terminal electrodes 12, 14 and the protect 
ing ?lms 16a, 16b, 16c, 16d are ?xed. 

Each of the ?attened projections FC1 has a large-siZe por 
tion and a small-siZe portion. The large-siZe portion is pro 
vided on the tip side in the extending direction of the ?attened 
projection FC1 from the terminal electrode 12, 14, and is 
formed so that the circumference thereof in that direction is 
larger than that of the small-siZe portion. A ?at surface is 
formed at the tip of the large-siZe portion. The small-siZe 
portion is provided on the root side of the ?attened projection 
FC1 With respect to the large-siZe portion. The shapes of the 
large-siZe portions and the small-siZe portions in the respec 
tive ?attened projections FC1 do not alWays have to be the 
same. The peripheral shapes of the large-siZe portion and the 
small-siZe portion do not alWays have to be regular shapes 
such as a circle or ellipse, but may be irregular shapes. 

The adjacent ?attened projections FC1 are arranged so as 
to be in contact With each other. The ?at surfaces of the 
respective ?attened projections FC1 (distal surfaces of the 
?attened projections FC1) are made so continuous as to form 
a substantially ?at surface. Therefore, the element body 10 
and the protecting ?lms 16a, 16b, 16c, 16d are substantially 
prevented from entering the holloW portions formed betWeen 
the ?attened projections. It is, hoWever, noted that the ?at 
tened projections FC1 are not perfectly in contact With each 
other across the entire surface and that some ?attened proj ec 
tions FC1 can also be separated from each other as far as no 
substantial effect is caused on bond strength in joining the 
terminal electrodes 12, 14 to other terminals. 

The ?rst embodiment shoWed the example Wherein the 
?attened projections FC1 Were formed so as to be in contact 
With each other to form a substantially ?at surface, but 
embodied forms do not alWays have to be limited to the 
above-described example as long as a substantially ?at sur 
face can be formed. For example, a ?attened surface may be 
formed by cutting or by grinding. 
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6 
FIG. 2 shoWs a modi?cation example of the ?rst embodi 

ment. FIG. 2 is a sectional vieW of PTC element P2 as the 
modi?cation example. The PTC element P2 comprises a pair 
of terminal electrodes 22, 24 (lead terminals), an element 
body 1011, and protecting ?lms 26a, 26b, 26c, 26d. 
The pair of terminal electrodes 22, 24 are formed in the 

thickness of about 0.1 mm and of Ni or Ni alloy. The pair of 
terminal electrodes 22, 24 are arranged so as to be opposed in 
part to each other. Since the element body 1011 is located 
betWeen the opposed portions, the element body 1011 is sand 
Wiched betWeen the opposed surfaces of the respective ter 
minal electrodes 22, 24. Therefore, each of the pair of termi 
nal electrodes 22, 24 is composed of an overlap region 221, 
241 overlapping With the element body 1 0a, and a nonoverlap 
region 222, 242 not overlapping With the element body 1011. 

The element body 1011 is formed in much the same shape as 
the mutually overlapping portions of the terminal electrode 
22 and the terminal electrode 24. Since the element body 1011 
is constructed in much the same composition as the element 
body 10, the description thereof is omitted herein. The ele 
ment body 1011 is compressed under pressure and heat against 
the pair of terminal electrodes 22, 24. 

Each of the protecting ?lms 26a, 26b, 26c, 26d is located so 
as to cover a portion of the element body 1011 not compressed 
against the terminal electrodes 22, 24. The protecting ?lm 26d 
corresponds to the protecting ?lm 16d shoWn in (a) of FIG. 1, 
and is not expressly depicted in FIG. 2. There are four faces 
Where the element body 1011 is not compressed against the 
terminal electrodes 22, 24, and the protecting ?lms 26a, 26b, 
26c, 26d are arranged along the four respective faces. 
The composition and others of the protecting ?lms 26a, 

26b, 26c, 26d are much the same as the protecting ?lms 16a, 
16b, 16c, 16d described above, and the description thereof is 
thus omitted herein. 
A plurality of anchor projections AC and ?attened projec 

tions FC1 are formed on the surfaces of the respective termi 
nal electrodes 22, 24 betWeen Which the element body 1011 is 
interposed. 
The anchor projections AC are formed in each of the over 

lap regions 221, 241, and regions (peel prevention regions) 
adjoining the overlap regions 221, 241 in the nonoverlap 
regions 222, 242. The ?attened projections FC1 are formed in 
regions except for the peel prevention regions, in the nonover 
lap regions 222, 242. 

Subsequently, let us describe the peel prevention effect of 
the protecting ?lms 16a-16d and the protecting ?lms 26a-26d 
in the PTC element P1 and the PTC element P2 of the ?rst 
embodiment. A PTC element P4 shoWn in FIG. 3 is used as a 
comparative object. 
The PTC element P4 comprises a pair of terminal elec 

trodes 42, 44, an element body 1011, and protecting ?lms 46a, 
46b, 46c, 46d. 
The pair of terminal electrodes 42, 44 are formed in the 

thickness of about 0.1 mm and of Ni or Ni alloy. The pair of 
terminal electrodes 42, 44 are arranged so as to be opposed in 
part to each other. The element body 1011 is located betWeen 
the opposed portions and thus the element body 1011 is sand 
Wiched betWeen the opposed surfaces of the respective ter 
minal electrodes 42, 44. Therefore, each of the pair of termi 
nal electrodes 42, 44 is composed of an overlap region 421, 
441 overlapping With the element body 1 0a, and a nonoverlap 
region 422, 442 not overlapping With the element body 1011. 

The element body 1011 is formed in much the same shape as 
the mutually overlapping portions of the terminal electrode 
42 and the terminal electrode 44. Each of the protecting ?lms 
4611, 460 is located so as to cover a portion of the element body 
1011 not compressed against the terminal electrodes 22, 24. 
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The protecting ?lms 46b, 46d corresponding to the protecting 
?lms 16b, 16d shoWn in FIG. 1 are also formed but are not 
expressly depicted in FIG. 3. The composition and others of 
the protecting ?lms 4611, 460 are much the same as those of the 
protecting ?lms 16a, 16b, 16c, 16d described previously, and 
thus the description thereof is omitted herein. 
A plurality of anchor projections AC and ?attened proj ec 

tions FC1 are formed on the surfaces of the respective terrni 
nal electrodes 42, 44 betWeen Which the element body 1011 is 
interposed. 

The anchor projections AC are formed only in the overlap 
regions 421, 441. The ?attened projections FC1 are formed in 
the nonoverlap regions 422, 442. 

FIG. 4 shoWs the results of peeling tests of the terminal 
electrodes With the above-described PTC element P1, PTC 
element P2, and PTC element P4. FIG. 4 indicates peel 
strengths of protecting ?lms in the tests of perpendicularly 
peeling the terminal electrode of each of the PTC element P1, 
PTC element P2, and PTC element P4 from the element body. 
As shoWn in FIG. 4, the PTC element P1 and the PTC 

element P2 according to the ?rst embodiment demonstrate 
peel strengths higher than those of the PTC element P4. 
Particularly, the PTC element P1 shoWs extremely high peel 
strengths. Speci?cally, the peel strengths of ?ve samples of 
the PTC element P4 are 2.66 N-3 .33 N, and an average thereof 
is 2.75 N. The peel strengths of ?ve samples of the PTC 
element P2 are 4.61 N-7.16 N and an average thereofis 5.98 
N. The peel strengths of ?ve samples of the PTC element P1 
are 17.46 N-23.37 N and an average thereofis 21.26 N. 

This is because the anchor projections AC are embedded in 
the protecting ?lms 16a-16d, 2611-2601, so as to increase the 
peel strength. It is also because the protecting ?lms 16a-16d 
are sandWiched betWeen the terminal electrode 12 and the 
terminal electrode 14, so as to further increase the peel 
strength. 

Subsequently, let us describe a production method of the 
above-described PTC elements P1, P2. The production 
method of the PTC elements P1, P2 comprises an element 
body preparation step, a terminal preparation step, a ?atten 
ing step, a thermal compression step, and a protecting ?lm 
forming step. 

The element body preparation step is to make and prepare 
an element body material intended for the element body 10, 
1011. First, Ni poWder to become an electroconductive ?ller is 
mixed With polyethylene as a matrix resin to form a block. 
This block is pressed into a disk shape and cut to obtain an 
element body material. 

The subsequent terminal preparation step is to make and 
prepare metal plates to become the terminal electrodes 12, 14, 
22, 24. The anchor projections AC are formed on the surfaces 
of the terminal electrodes 12, 14, 22, 24 betWeen Which the 
element body 10, 10a is interposed. The anchor projections 
AC are the aforementioned nodules (nodose projections) 
formed in a succession. 

The ?attening step is to crush and ?atten the anchor pro 
jections AC in the required regions as described above, to 
form the ?attened projections FC1. A press movement 
amount in this case is 10-35 pm and more preferably 10-15 
pm. 

The ?attened projections FC1 are formed in contact With 
each other so as to be substantially ?attened, as described 
above. In terms of the thicknesses of the terminal electrodes, 
the average thickness in the regions Where the ?attened pro 
jections FC1 are formed is smaller than the average thickness 
in the regions Where the anchor projections AC are formed. 
The average thicknesses can be determined by punching out 
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8 
a piece of a predetermined area as a specimen and obtaining 
the mass and speci?c gravity thereof. 

For example, in the case of the ?rst embodiment, the pre 
ferred thicknesses after the ?attening step are as folloWs: the 
thicknesses in the overlap regions 121, 141 and in the non 
overlap regions 122, 142 including the peel prevention 
regions (the regions Where the anchor projections AC are 
formed) are 60-140 pm; the thicknesses in the nonoverlap 
regions 122, 142 except for the peel prevention regions (the 
regions Where the anchor projections AC are formed) are 
50-120 pm. In this case, the average height of the anchor 
projections AC is 5-40 pm. The thicknesses after the ?atten 
ing step are more preferably determined as folloWs: the thick 
nesses in the overlap regions 121, 141 and in the nonoverlap 
regions 122, 142 including the peel prevention regions are 
95-100 um; and the thicknesses in the nonoverlap regions 
122, 142 except for the peel prevention regions are 80-90 pm. 
In this case, the average height of the anchor projections AC 
is 5-20 pm. 
When the thicknesses in the overlap regions 121, 141 and 

in the nonoverlap regions 122, 142 including the peel preven 
tion regions are larger than 140 pm, the terminal electrodes 
12, 14 become too thick. For this reason, thermal compres 
sion becomes insuf?cient betWeen the element body 10 and 
the terminal electrodes 12, 14, and connection strength 
becomes Weaker betWeen the element body 10 and the terrni 
nal electrodes 12, 14. Therefore, the thicknesses in the non 
overlap regions 122, 142 except for the peel prevention 
regions are preferably set to not more than 120 pm in vieW of 
the ?attening. 
When the thicknesses in the nonoverlap regions 122, 142 

except for the peel prevention regions are smaller than 50 pm, 
the strength of the terminal electrodes 12, 14 per se becomes 
reduced. This makes handling dif?cult during production 
steps and after completion of a product, e. g., the element Will 
be bent in the nonoverlap regions 122, 142 except for the peel 
prevention regions. Therefore, the thicknesses in the overlap 
regions 121, 141 are preferably not less than 60 uM in vieW of 
the ?attening of the nonoverlap regions 122, 142. 
When the average height of the anchor projections AC is 

smaller than 5 pm, the anchor effect is not fully exhibited 
betWeen the element body 10 and the terminal electrodes 12, 
14, so as to loWer the connection strength betWeen the ele 
ment body 10 and the terminal electrodes 12, 14. When the 
average height of the anchor projections AC is larger than 40 
pm, the strength of the anchor projections AC per se becomes 
loWered, and the anchor projections AC Will fall off the ter 
minal electrodes 12, 14 during the thermal compression With 
the element body 10. 

The thermal compression step is to interpose the element 
body material (element body) betWeen the overlap regions 
121, 141 in the pair of respective terminal electrodes 12, 14 
and to perform thermal compression to ?x the pair of terminal 
electrodes 12, 14 and the element body 10. 
The protecting ?lm forming step is to form the protecting 

?lms 16a, 16b, 16c, 16d. The protecting ?lms 16a, 16b, 16c, 
16d are formed by letting an epoxy resin react With a thiol 
type curing agent to form a cured layer and dispersing a ?ller 
of a material With a loWer oxygen permeability than that of the 
cured layer, in the cured layer. 

Since the nonoverlap regions 122, 142 are substantially 
?attened except for the peel prevention regions of the terminal 
electrodes 12, 14 in the ?rst embodiment, the bond strength is 
improved in joining to other terminals. Since the peel preven 
tion regions are formed in the nonoverlap regions 122, 142 
adjoining the element body, peeling of the protecting ?lms 
16a-16d covering the element body 10 is suppressed. 
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A PTC element according to the second embodiment of the 
present invention Will be described With reference to FIG. 5. 
Part (a) of FIG. 5 is a plan vieW of PTC element P5 and part 
(b) of FIG. 5 is a sectional vieW near the center of the PTC 
element P5 (along V-V in (a) of FIG. 5). The PTC element P5 
is a polymer PTC element and comprises a pair of terminal 
electrodes 12, 14 (lead terminals), an element body 10, and 
protecting ?lms 16a, 16b, 16c, 16d. 

The pair of terminal electrodes 12, 14 are formed in the 
thickness of about 0.1 mm and of Ni or Ni alloy. The pair of 
terminal electrodes 12, 14 are arranged so as to be opposed in 
part to each other. The element body 1 0 is located betWeen the 
opposed portions, and the element body 10 is thus sand 
Wiched betWeen the opposed surfaces of the respective ter 
minal electrodes 12, 14. Therefore, each of the pair of termi 
nal electrodes 12, 14 is composed of an overlap region 121, 
141 overlapping With the element body 10, and a nonoverlap 
region 122, 142 not overlapping With the element body 10. 

The element body 10 is formed so as to be smaller than the 
mutually overlapping portions of the terminal electrode 12 
and the terminal electrode 14. Therefore, there are the mutu 
ally overlapping regions of the terminal electrode 12 and the 
terminal electrode 14 around the element body 10 and in the 
nonoverlap regions 122, 142. 

The element body 10 is formed by dispersing an electro 
conductive ?ller in a crystalline polymer resin. The electro 
conductive ?ller suitably applicable herein is Ni poWder, and 
the crystalline polymer resin suitably applicable herein is a 
polyethylene resin being a thermoplastic resin. The element 
body 10 is compressed under pressure and heat against the 
pair of terminal electrodes 12, 14. 
A plurality of anchor projections AC and ?attened proj ec 

tions FC2 are formed on the surfaces of the respective termi 
nal electrodes 12, 14 betWeen Which the element body 10 is 
interposed, and the regions Without the anchor projections AC 
nor the ?attened projections FC2 are roughened. The anchor 
projections AC are formed in the overlap regions 121, 141. 

The roughened regions 122a, 14211 are formed in the non 
overlap regions 122, 142, respectively, adjoining the element 
body 10. The roughened regions 122a, 14211 are formed at 
least in the regions in Which the terminal electrode 12 and the 
terminal electrode 14 overlap each other, in the nonoverlap 
regions 122, 142. 

The roughened regions 122a, 14211 are regions that are so 
roughened as to substantially increase the surface area in the 
corresponding regions of the terminal electrodes 12, 14. The 
roughened regions 122a, 14211 are preferably formed by 
roughening the pertinent surfaces by etching With hydrochlo 
ric acid or the like. The roughened regions 122a, 14211 are also 
preferably formed by machining such as grinding or sand 
blasting. The roughened regions 122a, 14211 are also prefer 
ably formed by ?rst forming the anchor projections AC and 
thereafter crushing them to a level enough for the later-de 
scribed protecting ?lms 16a, 16b, 16c, 16d to enter, thereby 
effecting roughening. The roughened regions are not limited 
by Ways of roughening as long as peeling of later-described 
protecting ?lms 16a, 16b, 16c, 16d can be substantially pre 
vented. 

The ?attened projections FC2 are formed in the regions 
except for the roughened regions 122a, 14211, in the nonover 
lap regions 122, 142. From another standpoint, the ?attened 
projections FC2 are formed in the regions Where the terminal 
electrodes 12, 14 do not overlap each other, in the nonoverlap 
regions 122, 142. 

In FIG. 5, the anchor projections AC and ?attened proj ec 
tions FC2 are depicted in relatively larger siZes for descrip 
tion’ s sake. The practical anchor proj ections AC and ?attened 
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10 
projections FC2 are small projections of siZes too small to 
visually recogniZe. The roughened shapes of the roughened 
regions 122a, 14211 are schematically depicted. The same also 
applies to the draWings used in the description hereinafter. 

Each of the anchor projections AC has a large-siZe portion 
and a small-siZe portion. The large-siZe portion is provided on 
the tip side in the extending direction of the anchor projection 
AC from the terminal electrode 12, 14, and is formed so that 
the circumference thereof in that direction is larger than that 
of the small-siZe portion. The small-siZe portion is provided 
on the root side of the anchor proj ection AC With respect to the 
large-siZe portion. The shapes of the large-siZe portions and 
the small-siZe portions in the respective anchor projections 
AC do not alWays have to be the same. The peripheral shapes 
of the large-siZe portion and the small-siZe portion do not 
alWays have to be regular shapes such as a circle or ellipse, but 
may be irregular shapes. 
The adjacent anchor projections AC are arranged so as to 

be spaced from each other. Therefore, the element body 10 
penetrates into holloW portions formed betWeen the anchor 
projections AC (i.e., the anchor projections AC are embedded 
in the element body 10), Whereby the terminal electrodes 12, 
14 and the element body 10 are ?xed. 
Each of the ?attened projections FC2 has a large-siZe por 

tion and a small-siZe portion. The large-siZe portion is pro 
vided on the tip side in the extending direction of the ?attened 
projection FC2 from the terminal electrode 12, 14 and is 
formed so that the circumference thereof in that direction is 
larger than that of the small-siZe portion. A ?at surface is 
formed at the tip of the large-siZe portion. The small-siZe 
portion is provided on the root side of the ?attened projection 
FC2 With respect to the large-size portion. The shapes of the 
large-siZe portions and the small-siZe portions in the respec 
tive ?attened projections FC2 do not alWays have to be the 
same. The peripheral shapes of the large- siZe portion and the 
small-siZe portion do not alWays have to be regular shapes 
such as a circle or ellipse, but may be irregular shapes. 
The adjacent ?attened projections FC2 are arranged so as 

to be in contact With each other. The ?at surfaces of the 
respective ?attened projections FC2 (distal surfaces of the 
?attened projections FC2) are made so continuous as to form 
a substantially ?at surface. Therefore, the element body 10 
and the protecting ?lms 16a, 16b, 16c, 16d are substantially 
prevented from entering the holloW portions formed betWeen 
the ?attened projections. It is, hoWever, noted that the ?at 
tened projections FC2 are not perfectly in contact With each 
other across the entire surface and that some ?attened projec 
tions FC2 can be separated from each other as far as no 
substantial effect is caused on bond strength in joining of the 
terminal electrodes 12, 14 to other terminals. 
The second embodiment shoWed the example Wherein the 

?attened projections FC2 Were formed so as to be in contact 
With each other to form a substantially ?at surface, but 
embodied forms do not alWays have to be limited to the 
above-described example as long as a substantially ?at sur 
face can be formed. For example, a ?attened surface may be 
formed by cutting or by grinding. 

Each of the protecting ?lms 16a, 16b, 16c, 16d is located so 
as to cover a portion of the element body 10 not compressed 
against the terminal electrodes 12, 14. There are four faces 
Where the element body 10 is not compressed against the 
terminal electrodes 12, 14, and the protecting ?lms 16a, 16b, 
16c, 16d are arranged along the four respective faces. 
The protecting ?lms 16a, 16b, 16c, 16d are in contact With 

the terminal electrodes 12, 14 at least in the roughened 
regions 122a, 142a. Therefore, the area of contact betWeen 
the protecting ?lms 16a, 16b, 16c, 16d and the terminal 


















